Several studies have demonstrated that tumour necrosis factor (TNF)-α inhibitors are associated with a rapid, sustained clinical response and an improvement in healthrelated quality of life (QOL) in patients with psoriasis. Etanercept or adalimumab achieve a 75% reduction in the Psoriasis Area and Severity Index score (PASI 75) in, respectively, 49% and 70% of cases after 12 weeks of treatment (1, 2) .
A possible dose-dependent higher risk of malignancies and rare severe adverse events has been described with TNF-α inhibitors (3, 4) . Optimal dosing is therefore important both to reduce the risks of adverse effects and to increase cost-effectiveness.
Mostly uncontrolled emerging data indicate that dose reduction of TNF-α inhibitors can be achieved in a relevant proportion of patients with rheumatoid arthritis without losing clinical efficacy (5) (6) (7) . No data about down de-escalation of these drugs are as yet available with regard to psoriatic patients.
The aim of the present study is to assess the proportion of patients with psoriasis treated with etanercept or adalimumab in whom dose reduction is reached without loss of clinical efficacy.
PATIENTS AND METHODS
Patients with severe psoriasis being treated at 5 Italian referral centres (Chieti, Modena, Padova, Roma, Verona) were included in this retrospective cohort study. Other inclusion criteria were: remission of psoriasis (PASI=0) and stable continuous treatment with etanercept 50 mg weekly or adalimumab 40 mg every other week for at least 12 months. No other inclusion or exclusion criteria were used.
At baseline, the dose interval was increased from 7 to 10 days in the patients being treated with etanercept and from 14 to 21 days for those being treated with adalimumab. Disease flare-up (relapse) was defined as a ≥ 50% loss of PASI improvement with respect to the score at baseline. In the event of a flare, dosing intervals were returned to the original, conventional ones. Each patient was assessed for a minimum follow-up time of 12 months. The study's primary endpoint was defined as the proportion of patients being studied showing a flare of disease activity.
Statistical analysis
Comparisons between the 2 groups were examined using the unpaired t-test or non-parametric Mann-Whitney (for skewed data).
The proportion of patients who relapsed after dose reduction of therapy was analysed using the Kaplan-Meier method. Determinants of drug survival were analysed using univariate Cox-regression analysis. Those that differed between the 2 groups with a p-value lower than 0.05 were entered into a multivariate Cox-regression model.
The local ethics committee was consulted, but approval was not required because PASI-guided dose adaptation in the centres participating in the study was performed as part of usual care.
RESULTS
A total of 85 patients (55 (65%) males, 30 (35%) females; mean age 51 ± 13.6 years) were included in the study. Patients' mean psoriasis duration was 21.7 ± 10.8 years (range 2-63.9 years), mean baseline C-reactive protein (CRP) was 1 ± 2.6 mg/l, mean baseline body mass index (BMI) was 26.4 ± 3.5 kg/m 2 . Twenty-eight of the patients (33%) smoked or had a history of smoking. No statistical differences were found in these variables between the patients treated with etanercept (n = 54) and those receiving adalimumab (n = 31).
As shown in Fig. 1 , the cumulative relapse risk in the etanercept and adalimumab-treated patients was 14% and 0%, 31% and 12%, and 39% and 20% after, respectively, 3, 6 and 12 months (p = 0.03 with logrank test). The mean time to relapse was 39.3 months (CI 95% 33.7-44.8) and 48 months (CI 95% 43-52.7), respectively, in the etanercept and adalimumab groups.
All the patients who experienced a relapse were treated with the original, conventional drug dosing intervals and showed a rapid response. 
Predictive relapse factors
The variables linked to an increased risk of relapse in patients treated with etanercept were: age younger than 52 years (hazard rate (HR) 2.6, p = 0.04), disease duration longer than 20 years (HR 3.7, p = 0.007), PASI before TNF-α inhibitors treatment higher than 15 (HR 3.4, p = 0.01) and baseline CRP higher than 1 mg/l (HR 3.7, p = 0.006). No variables predicted an increased risk of relapse in the patients treated with adalimumab.
Cox-regression multivariate analysis using a forward stepwise model showed that PASI before TNF-α inhibitors treatment higher than 15 (HR 2.9, 95% CI 1.2-7.2; p=0.018), disease duration longer than 20 years (HR 2.8, 95% CI 1.2-6.6; p=0.019) and use of etanercept (HR 3.6, 95% CI 1.4-9.9M; p=0.01) were independently associated with relapse risk.
DISCUSSION
Our study showed that adalimumab and, to a lesser extent, etanercept, could be down-titrated using longer dosing intervals in the great majority of stable psoriatic patients without signs of disease relapse. This may be explained by the fact that patients' serum concentrations after dose reduction could be still above the minimal effective drug level.
It should also be remembered that amidst the patients who seemingly respond to TNF-α inhibitor treatment, some of these would, in any case, have experienced spontaneous improvement even without treatment (4) .
Down-titration may, nevertheless, have some undesirable effects, such as an increase in disease activity. In our cohort, the cumulative relapse risk was higher for patients treated with etanercept compared with those treated with adalimumab, increasing from 14% and 0% to 39% and 20% after 3 and 12 months, respectively (p = 0.03 with log-rank test).
In addition, since TNF-α inhibitor treatment seems to be associated with a reduced incidence of cardiovascular events in psoriasis patients (8) , lowering TNF-α inhibitor dosage might abolish this effect.
Another possible down-side of TNF-α inhibitor down-titration could be anti-drug antibody formation (9) .
Our study showed that patients with higher disease activity at the time therapy was commenced and/or longer disease duration had higher relapse risks when the interval between drug administrations was extended. As these patients have a more severe disease activity, they presumably need a more intensive treatment regimen as far as dose or interval is concerned.
Further studies are necessary to determine when monitoring of drug blood levels should be carried out to help optimize treatment outcome. Future research will help to determine what predictive values these levels have in terms of achieving successful dose reductions.
The limitations of this study include its retrospective, non-interventional nature. All patients studied were treated in a standard fashion according to the guidelines of the Italian Health Care Service and at the discretion of the physicians and patients.
In conclusion, our study indicates that conventional maintenance doses of adalimumab and, to a lesser extent, etanercept, can be lowered in the majority of stabilized psoriasis patients without compromising their disease control.
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